Abstract. The prognostic value of histologic classifications of gastric adenocarcinoma is controversial, although they have been commonly used. The clinical significance of the mucin phenotype has not been clarified. This study was conducted to determine the clinical significance of mucin phenotype as a possible prognostic factor. Mucin histochemistry by paradoxical concanavalin A (Con A) staining and immunostaining for 45M1, MUC2 glycoprotein and CD10 of mucin was performed in surgically obtained paraffin-embedded specimens from 106 gastric adenocarcinomas. We determined their mucin phenotypes and analyzed their relationships with clinical and histopathologic variables and survival rates. Among 106 gastric adenocarcinomas, 37 (34.9%), 35 (33.0%), 22 (20.8%) and 12 (11.3%) expressed the intestinal (I-), the gastric (G-), mixed (M-), and undetermined (U-) phenotypes, respectively. Although the mucin phenotype correlated well with histologic differentiation (p=0.000) and Lauren's classification of a tumor (p=0.003), it did not accord completely with them. There was no relationship between mucin phenotype and other patient clinicopathologic variables. No statistically significant difference in survival was observed among mucin phenotypes on univariate (p=0.089) and multivariate (p=0.088) analyses. However, the patients with I-phenotype tumor had a significantly better outcome than those with non-I-phenotype tumor on univariate (p=0.023) and multivariate (p=0.049) analyses. In conclusion, the mucin phenotype did not accord completely with histologic differentiation and Lauren's classification of gastric adenocarcinoma, despite a well-defined correlation between them. I-phenotypic expression, but not the histologic differentiation and Lauren's classification, was found to be an independent good prognostic factor of gastric cancers.
Introduction
Gastric adenocarcinoma is histologically classified as intestinal vs. diffuse, or differentiated vs. undifferentiated, based on the tendency of gland formation (1, 2) . The prognostic value of these histologic classifications of gastric adenocarcinoma is controversial, although they have been commonly used (3, 4) .
Recent advances in mucin histochemistry and immunohistochemistry have demonstrated that gastric and intestinal phenotypic cell markers are widely expressed in gastric carcinomas, irrespective of their histologic type (5) (6) (7) (8) (9) . The mucin expression pattern of gastric carcinomas is heterogeneous. Decreased expression of gastric mucins and de novo expressions of MUC2 have also been described in intestinal metaplasia, a precancerous lesion of gastric carcinomas. These findings suggest that the repertoire of mucins synthesized by gastric cancer cells is tightly associated with their differentiation program. Therefore, the pattern of mucin expression may provide new insights into the differentiation pathways of gastric cancers (10) (11) (12) (13) (14) .
Specific antibodies to the various kinds of mucins can be used to define mucin phenotypes of gastric adenocarcinomas. Several authors have reported that gastric carcinomas can be classified as having either a gastric (G-), gastric and intestinal mixed (M-) or intestinal (I-) phenotype, depending on mucin histochemistry with Con A and immunopositivity of HGM, MUC6, MUC2 and CD10 stainings (7) (8) (9) . The phenotypic marker expression of tumors is conventionally thought to imitate that of the tissue of origin. Thus, previous data suggest that gastric carcinomas may occur in various types of gastric mucosa, although differentiated tumors have generally arisen from gastric mucosa with intestinal metaplasia, while undifferentiated tumors have arisen from ordinary gastric mucosa without intestinal metaplasia (1,2). Tajima et al (9) previously reported that G-phenotype tumors accounted for 27.7% of differentiated tumors, often referred to as intestinal-type tumors by Lauren (1) , while I-phenotype tumors accounted for 10.1% of undifferentiated tumors. These findings raise the question of whether the expression of mucin phenotypes depends on the differentiation pattern of carcinomas. However, no sufficient data are available concerning the association of certain histologic subtypes with the expression of these antigens. Additionally, although recent results have observed that G-phenotype tumors are associated with a poorer outcome and a greater potential for malignancy compared to other phenotypes, the relationship between a mucin phenotypic expression and the prognosis of gastric carcinomas has not been established (6) (7) (8) (9) .
Hence, we investigated the mucin phenotypic expression of gastric adenocarcinomas based on histochemistry and immunohistochemistry in regard to Con A binding and 45M1, MUC2 and CD10 antigens. In addition, mucin phenotypic expression was correlated to various clinical and histopathologic variables as well as overall survival to clarify the difference from conventional histologic differentiation and to evaluate its prognostic significance.
Materials and methods
Patient samples. This study was based on the analysis of 106 surgically resected primary gastric adenocarcinomas. All tumor tissues were collected randomly during June, 1998 through December, 2002 at Gyeongsang National University Hospital. Tissue samples and clinical and histopathologic information for each case were obtained according to approved institutional guidelines. Informed consent was obtained from all 106 patients with gastric adenocarcinomas. The clinical and histopathologic data of all patients are summarized in Table I . Seventy-two patients were male with a mean age of 57.8 years (range: 26-78 years). The infection rate of Helicobacter pylori (H. pylori) was 89.7% (70/78). Most gastric cancers were located in the non-cardia region (antrum, 44; body, 41; antrum and body, 17; cardia, 4). Forty patients had well-differentiated cancers and 66 had poorly differentiated cancers. According to Lauren's classification, 44 lesions were intestinal type and 62 were diffuse type. The TNM stage of the gastric cancers was 1:2:3:4 in 36:26:24:20. The histologic classification was based on Lauren's classification (1) and the WHO classification (15) , where papillary and well-to moderately-differentiated tubular adenocarcinomas were considered well-differentiated cancers, while poorly differentiated tubular, signet ring cells and mucinous type adenocarcinomas were classified as poorly differentiated.
Patients who had undergone chemo-or radiotherapy prior to surgery and had a past medical history of gastric cancer were excluded from the study. After resection, the surgical specimens were fixed in 10% buffered-formalin, embedded in paraffin wax, and examined carefully at the macroscopic level. All sections were routinely prepared and stained with hematoxylin and eosin (H&E). After examining the H&E sections, the tumor section that had the most well-preserved mucosal components was selected as a representative sample. Paraffin blocks corresponding to the selected H&E sections were cut into 5-μm consecutive sections for histochemical and immunohistochemical staining. Infection by H. pylori was detected by the rapid urease test (RUT) and histologic examination and/or serology. Seven or eight biopsy samples were obtained from the grossly non-neoplastic area of each resected stomach and used for RUT. Two biopsy samples were obtained from the antrum and corpus, respectively, during endoscopy and examined microscopically to detect H. pylori. A histologic interpretation of the gastric biopsies was performed by pathologists who are experts at identifying H. pylori. If more than one test was positive, the case was regarded as positive for H. pylori. If all tests were negative, the case was regarded as negative.
Antibodies for mucin histochemistry and immunohistochemistry. To determine the mucin phenotypes of the gastric adenocarcinomas, a combination of human gastric mucin (45M1), Con A, MUC2, and CD10 staining was carried out. For identification of pyloric gland-type mucin, histochemical staining with paradoxical concanavalin A class III (Con A, Kanto Chemical Co., Tokyo, Japan) was performed according to the method of Katsuyama and Spicer (16) . The paradoxical Con A staining method (PCS: periodate oxidation, borohydrate reduction, and Con A staining) is a variant of the Con A peroxidase method.
For immunohistochemistry, the primary antibodies against human gastric mucin antibody NCL-HGM-45M1 (Novocastra, Newcastle, UK; diluted 1:50; stains mucin of the surface gastric epithelium), MUC2 (Novocastra; diluted 1:500; stains intestinal mucin), and CD10 (Novocastra; diluted 1:200; stains brush border of gut epithelial cells) were used. 
The immunohistochemical staining procedure. Paraffinembedded tissue blocks were cut into 5-μm sections. After deparaffinizing with xylene and rehydrating with descending concentrations of ethanol, antigen retrieval was performed by placing slides in citrate buffer (pH 7.0) in a microwave oven at 300 W for 20 min. The sections were incubated with each primary antibody, 45M1, MUC2, or CD10. Staining procedures using a Dako LSAB kit (Dako, Carpinteria, CA, USA) were performed according to the manufacturer's instructions.
Sections were then counterstained with hematoxylin, mounted, and evaluated by two experienced pathologists. In some cases where the two evaluations led to different results, a consensus interpretation was reached after re-examination. We used non-neoplastic gastric mucosa as an internal control for mucin immunohistochemical staining. The specificity of immunostaining was checked by omitting single steps in the protocol and by replacing the primary antibody with a nonimmune serum.
Classification of mucin phenotypes of adenocarcinomas.
The mucin phenotypes of gastric cancers were classified into four categories according to the pattern of immunostaining for CD10, MUC2, HGM and lectin staining with Con A: gastric type (G-phenotype); intestinal type (I-phenotype); gastrointestinal mixed type (M-phenotype); and unclassified type (U-phenotype, no mucin reactive cells). The G-phenotype cancer was defined as a tumor with predominantly intracytoplasmic mucin of the gastric phenotype, as determined by immunostaining of human gastric mucin (45M1) and/or of pyloric gland mucin (Con A), but without MUC2-positive intestinal-type cells or CD10-positive cells (Fig. 1A) . The I-phenotype cancer referred to a tumor with MUC2-positive cells and/or CD10-positive cells (along with a brush border), but without Con A-or 45M1-positive gastric-type cells (Fig. 1B) . M-phenotype cancer was defined as a tumor with immunostaining that was consistent with both G-and Iphenotypes (Fig. 1C) . Finally, tumors without positive (B3, 45M1 ; original magnification, x100). The tumor cells are negative for MUC2 and CD10 (B4, MUC2; original magnification, x100; B5, CD10; original magnification, x100). (C) Gastric adenocarcinoma expressing mixed phenotype. Signet ring cell carcinoma, Lauren's diffuse type (C1, H&E; original magnification, x100). Cancer cells are positive for concanavalin A (C2, Con A; original magnification, x100), 45M1 (C3, 45M1; original magnification, x100) and MUC2 (C4, MUC2; original magnification, x100), but negative for CD10 (C5, CD10; original magnification, x100). (D) Gastric adenocarcinoma expressing unclassified phenotype. Well-differentiated tubular adenocarcinoma, Lauren's intestinal type (D1, H&E; original magnification, x100). Cancer cells are negative for concanavalin A (D2, Con A; original magnification, x100), 45M1 (D3, 45M1; original magnification, x100), MUC2 (D4, MUC2; original magnification, x100), and CD10 (D5, CD10; original magnification, x100).
immunostaining consistent with G-or I-phenotypes were referred to as having a U-phenotype (Fig. 1D) (7-9) .
If >5% of the tumor cells were immunopositive, the tumor was regarded as positive. The distinct staining in <5% of carcinoma cells was designated as negative, according to previous reports (17) . However, if tumor cells were intensely stained with CD10, it was recorded as positive for CD10, regardless of the percentage (18) .
Statistical analysis. Statistical calculations were performed using the SPSS 13.0 software package (SPSS Inc., Chicago, IL, USA). The correlation between mucin phenotypes and clinicopathologic variables was analyzed using the Pearson¯2 test. The overall survival curve was plotted using the KaplanMeier product-limit method. The relationship between survival and mucin phenotypes or clinicopathologic variables was analyzed using the log-rank test. Additionally, the survival rate was adjusted for the patient's age and gender, histologic differentiation, tumor stage, and Lauren's classification using the Cox proportional hazards model. p<0.05 was considered statistically significant.
Results
The distribution of mucin phenotypes. Among 106 gastric adenocarcinomas, 35 (33.0%) expressed the G-phenotype, 37 (34.9%) the I-phenotype, 22 (20.8%) the M-phenotype, and 12 (11.3%) the U-phenotype (Table II) .
Positive staining with respect to Con A, 45M1, MUC2, and CD10 was observed in 28 (26.4%), 73 (68.9%), 40 (37.7%), and 29 (27.4%) lesions among 106 tumors, respectively (data not shown).
The relationship between mucin phenotype and clinicohistopathologic variables. There was no relationship between mucin phenotypic expression and patient's gender (p=0.172, data not shown), tumor location (p=0.437, data not shown), tumor stage (p=0.296, data not shown), presence of lymph node invasion or distant metastasis (p=0.151 and 0.938, respectively, data not shown), and H. pylori infection. H. pylori infection rates were 87.5, 95.0, 86.7 and 90.9% in G-, I-, M-and U-phenotype cancers, respectively (p=0.814). The depth of invasion was not either related to the mucin phenotype. However, I-phenotype was prominent in the early cancers, while G-phenotype was prominent in the advanced cancers (p=0.104). Among 26 early gastric cancers, G-, I-Mand U-phenotypes were 19.2, 57.7, 23.1 and 0.0%, respectively. In 80 advanced gastric cancers, G-, I-M-and Uphenotypes accounted for 37.5, 27.5, 20.0 and 15.0%, respectively. Among 14 differentiated types of early gastric cancers, 12 (85.7%) were I-phenotypes, and 2 were Gphenotypes, respectively. There was no difference in the patients' age among the mucin types (p=0.123). The patients with I-phenotype tumors were older than those with non Iphenotype, but this difference did not reach statistical significance (60.5 vs. 56.3 years, p=0.082). The mucin phenotype correlated well with histologic differentiation (p=0.000) and Lauren's classification of tumors (p=0.003). However, the mucin phenotype of tumors did not accord completely with histologic differentiation or Lauren's classification. Among 40 well-differentiated adenocarcinomas, 24 (60.0%) expressed the I-phenotype while only seven (17.5%), 4 (10.0%) and 5 (12.5%) expressed the G-, M-and U-phenotypes, respectively. Among 66 poorly differentiated adenocarcinomas, 28 (42.4%) expressed the G-phenotype while 13 (19.7%), 18 (27.3%) and 7 (10.6%) expressed the I-, M-and U-phenotypes, respectively. Twenty-eight out of 35 (80.0%) G-phenotype cancers were poorly differentiated and 24 out of 37 (64.9%) I-phenotype cancers were well-differentiated (Table III) - Table III . Unadjusted and adjusted hazard ratios for death according to clinicopathologic variables including mucin phenotypes.
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cancers while G-phenotype accounted for 40.3% (25/62) of Lauren's diffuse type cancers (Table II) .
According to the expression of each mucin, the expression of Con A correlated well with histologic differentiation (p=0.038), but there was no significant correlation between the expression of other mucins and the other patient clinicopathologic variables. Among 28 Con A-expressing tumors, 22 (78.6%) were poorly-differentiated type cancers, but only a third of poorly-differentiated tumors expressed Con A. The expression of CD10 was less frequent in the poorly-differentiated than well-differentiated type without statistical significance (p=0.068). The expression of Con A tended to be related with tumor location. Its expression rate was higher in the tumors of cardia/body compared to antral tumors (p=0.084) (data not shown).
Intestinal phenotype cancers show a higher survival rate than non-intestinal phenotypes. For ~10 years, the overall survival rate of 106 patients with gastric adenocarcinomas was 51.9% ( Fig. 2A) . Unadjusted analyses revealed no significant difference in survival rates according to patients' age (p=0.299) and gender (p=0.171), and mucin phenotype (p=0.089, Fig. 2E ). Histologic differentiation, Lauren's classification and the tumor stage were associated with survival rate (p=0.016, p=0.011 and p=0.000, Fig. 2B-D and  Table III ) on univariate analysis. When survival rate was adjusted for clinical and histopathologic variables, the tumor stage and patients' age were associated with survival rate (p=0.000 and p=0.001, respectively, Table III ). Histologic differentiation and Lauren's classification were had no prognostic significance on multivariate analysis (p=0.975 and p=0.454, respectively, Table III ). However, the mucin phenotypes showed a difference in survival (p=0.088) and the I-phenotype cancers showed a better outcome than Gphenotypes (HR 0.47, 95% CI 0.21-1.03, p=0.059, data not shown) on adjusted analysis, although there was no statistical significance. Moreover, when the tumors were reclassified as I-and non I-phenotypes, the non I-phenotype cancers showed a poorer outcome than I-phenotypes on unadjusted (HR 2.03, 95% CI 1.06-3.89, p=0.023) and adjusted analyses (HR 2.04, 95% CI 1.00-4.01, p=0.049, Table III ). According to the expression of each mucin, no significant difference in survival rate was found on unadjusted and adjusted analyses (data not shown).
Discussion
The present study is the longest follow-up study, conducted to date, evaluating the prognostic significance of mucin phenotype of gastric adenocarcinoma. We followed 106 patients with gastric cancers for ~10 years after curative resection, and found that the expression of I-phenotype was an independent good prognostic factor together with tumor stage and patients' age while histologic differentiation and Lauren's classification did not show prognostic significance on multivariate analysis.
When the mucin phenotype of gastric adenocarcinoma correlated with various clinicopathologic factors, it related well with the histologic differentiation (p=0.000) and Lauren's classification of tumors (p=0.003) which have been commonly used as prognostic factors. Over half (60.0%) of the well-differentiated cancers expressed the I-phenotype and 42.4% of poorly differentiated cancers expressed the Gphenotype. Furthermore, the majority (80.0%) of G-phenotype cancers was poorly differentiated and 64.9% of I-phenotype cancers were well-differentiated. These findings are consistent with the previous report (19) that G-phenotype tumors were associated with a higher rate of undifferentiated types as compared to I-phenotype tumors (p<0.05). Sixtyfive percent of I-phenotype cancers were Lauren's intestinal type and 71% of G-phenotype cancers were Lauren's diffuse type. However, despite a well-defined correlation between the mucin phenotype and histologic classification, they did not concur completely with each other, that is, 40% of welldifferentiated cancers expressed non I-phenotype and 57.6% of poorly-differentiated cancers expressed non-G phenotype. Likewise, 45.5% of Lauren's intestinal type tumors also expressed non-I-phenotypes, and 59.7% of Lauren's diffuse type tumors also expressed other types than the G-phenotype. These findings suggest that different mechanisms may affect the mucin histogenesis of gastric adenocarcinoma. Therefore, it may be necessary to clarify the significance of such phenotypic expressions and the histogenesis of gastric adenocarcinoma.
Recently, Barresi et al (20) examined 40 gastric adenocarcinomas for MUC1 and MUC2 immunohistochemical expression to verify whether there is a correlation between mucin phenotype and Lauren's classification. Their results were contradictory to ours. They found that the Gphenotype was significantly higher in Lauren's intestinaltype adenocarcinomas, whereas cases showing an Iphenotype were significantly more frequent in Lauren's diffuse-type adenocarcinomas. This obvious discrepancy may come from the difference in the classification of mucin phenotype and the very small number of patients analyzed. They determined the mucin phenotype based on the expression pattern of MUC1 and MUC2. However, the mucin phenotypes were determined according to the expression patterns of CD10, MUC2, HGM and Con A binding in the present study. The mucin expression pattern of gastric carcinomas is heterogeneous (10) (11) (12) (13) (14) . Therefore, to determine an accurate distribution of mucin phenotypes of gastric adenocarcinomas, it has been suggested that the use of a combination of antigen targets and lectin binding, namely HGM or MUC5AC and MUC6 or Con A staining, would be essential for determining the G-phenotype, and a combination of MUC2 for goblet cells and their precursor cells (high-iron diamine-alcian blue staining is not specific for goblet cells and does not detect goblet cell precursors) and CD10 for enterocytes for determination of the Iphenotype (21) .
For follow-up periods of ~10 years, the overall survival rate was 51.9%. The unadjusted and adjusted analyses among all mucin phenotypes only showed a trend for a difference in outcomes (p=0.089 and p=0.088, respectively). In addition, I-phenotype cancers tended to show a higher survival rate than G-phenotype tumors without statistical significance on adjusted analysis (p=0.059). In the present study, therefore, the mucin phenotype of cancers was classified as I-phenotype vs. non-I-phenotype for the survival analysis. The histologic differentiation (p=0.009), Lauren's classification (p=0.011) and tumor stage (p=0.0001) had a prognostic significance on univariate analysis. The I-phenotype cancers also showed a better outcome than non-I-phenotypes on unadjusted analysis (p=0.032). When the survival rate was adjusted for the patients' clinicopathologic variables using Cox hazard models, the analysis showed the I-phenotypic expression of a tumor to be a good independent prognostic factor (p=0.049), together with a lower tumor stage (p=0.000) and patients' younger age (p=0.002). The histologic differentiation (p=0.975) and Lauren's classification (p=0.454) had no prognostic significance on adjusted analysis. Recently, both univariate and multivariate analyses of survival rates revealed G-phenotype tumors to be associated with a significantly poorer outcome than Iphenotype tumors (p<0.05) (9) . In addition, Tajima et al (22) reported that the incidence of G-phenotypes were significantly higher in tumors with peritoneal recurrence (p=0.0002), while the incidence of MUC2-negative tumors and CD10-positive tumors were significantly higher in tumors with hematogenous recurrence (p=0.028 and p=0.039, respectively) than in tumors without recurrence. These findings suggest that the gastric and intestinal phenotypic classification of gastric carcinoma can also be used to predict the pattern of its recurrence after curative resection. The above findings of the present study, in conjunction with previous reports, strongly suggest that the mucin phenotype classification could be useful not only for investigating the tumorigenesis of gastric carcinoma, but also for determining prognosis.
In summary, although the mucin phenotype correlated well with histologic differentiation and Lauren's classification of tumors, it was quite different from those histologic types in many cases. Moreover, the histologic differentiation and Lauren's classification did not have prognostic significance on multivariate analysis, but Iphenotypic expression of a tumor was an independent good prognostic factor, together with a lower tumor stage and the patients' younger age. Therefore, mucin phenotype may have an important role as a prognostic factor of gastric adenocarcinomas, compared to conventional histologic classifications. Further studies with larger sample sizes are required to better assess the clinical significance of mucin phenotypes of gastric adenocarcinoma.
